SUMMARY. The titre of streptococcal polysaccharidase was increased by incubation with p-alanine, serine, tyrosine, cystine, cysteine or methionine. Dextrinogenic amylase and hyaluronidase measured by a turbidity end-point were both activated by cysteine, cystine, serine or methionine. Polysaccharidase activity also increased after incubation with hyaluronic acid, starch, pectin or dextran. Pantothenic acid suppressed activity of SH-activated enzymes, and the rise of titre observed during incubation with substrate was decreased twofold or fourfold by addition of valine. The activation of streptococcal proteinase by cysteine was also prevented or retarded by pantothenic acid or valine. Pantothenyl alcohol was more active than either pantothenate (m-calcium salt) or DL-valine.
Non-specific depolymerizing activity by hyaluronidase and amylase of Group A streptococci was reported by Crowley (1951) , who also found that pro-enzyme in inactive cultures was activated by thiol groups, partially activated by metallic ions, and that pantothenic acid caused a transient rise of titre of inactive cell free filtrates. Hyaluronidase was decreased twofold in the presence of high proteinase concentration but there was no evidence to explain the proteinase effect. The present paper reports experiments made with partially purified polysaccharidase, with reference to amino-acids and other substances which activate polysaccharidase and proteinase.
MATERIAL AND METHODS
Strains. The strains of Group A streptococci were described in previous papers (Crowley, 1950 (Crowley, ,1951 . The serological classification and polysaccharidase activity are shown in Table 1 .
Enzymic material was prepared from cell free filtrates of %day broth cultures. A note on the method of isolation and the activity of fractions obtained during purification is appended to this paper.
Activity. Amylase. Hydrolysis of 0.2 yo soluble starch was tested by the method of Crowley (1951) . Proteinme. The clotting time of milk + thiolacetate was tested by the method of Elliott & Dole (1947) .
Hyaluronidase was tested by the M.C.P. method of McClean (1942) , but human synovial fluid was used as substrate. Synovial fluid was obtained from knee joints a t autopsy by first injecting 2 ml. sodium p-glycerophosphate ( 0 . 1 2 6~) and withdrawing mucin +buffer which was collected in a sterile bottle and immediately layered over with toluene. Volumes of fluid obtained varied from 3 to 5 ml., therefore all samples were pooled. The first precipitate which Streptococcal hyaluronidase 907 developed while standing under toluene, together with cell debris, was removed by centrifuging. The 'clean' pool was maintained at a volume not less than 150 ml., and 25-30 ml. removed at any one time to make the test substrate.
Standing under toluene a t -4' or a t bench temperature the viscosity remained very constant, and the pH value was in the range 6-8-7.2. A sample from the original pool contained 1 yo hyaluronic acid (this estimation was kindly made by Dr W. T. Morgan). A dilution of synovial fluid in distilled water containing approximately 0.2 yo hyaluronic acid clotted with 2~ acetic acid without additional protein. The hyaluronidase titre of a Type 4 strain (H713) was estimated using a cell free filtrate which was concentrated by dialysis against glycerol and stored a t -10'. Subsequently, this ' standard ' enzyme was used to estimate the strength of fresh batches of substrate. Usually 1 vol. of synovial fluid was diluted with 5 vol. of distilled water, and diluted by further half volumes as required. Enzyme samples in buffer + saline (Na P-glycerophosphate 0 . 0 6 3~ +NaCl 0.1 M ) were diluted in distilled water a t 20 yo differences. The M.C.P. test was carried out a t pH 7.0.
Method ofreading results. The M.C.P. end-point was recorded in the usual way, but a record was also made of the greatest dilution of enzyme which was associated with an increased turbidity on acidification compared with two control tubes containing substrate +water or +buffer saline. (This end-point differs from the end-point observed in the usual turbidity reduction tests.) After standing overnight a t bench temperature further readings were taken on lines similar to the ACRA test (Burnet, 1948) . Coarse flocculation was seen in dilutions sometimes x 4 higher than the M.C.P. end-point, and increased turbidity was seen just above as well as several tubes below the M.C.P. endpoint in some conditions. Meyer (1947)' using testicular hyaluronidase, has suggested that the M.C.P. and turbidimetric methods may not measure the same enzyme. After streptococcal hyaluronidase had been considerably purified turbidity changes were seen in synovial mucin substrate which were not apparent using purified umbilical hyaluronate + horse serum, or + crystalline albumin (horse or human). In this connexion changes in starch, pectin and dextran substrates were also best observed with purified enzymes, and moreover differences between enzymes from different strains became clearer with increasing purification. It was convenient to designate the primary depolymerizing activity as the P-activity or liquefying component, and the turbidity changes as a-activity (see p. 916). Enzyme samples in buffer+saline were mixed with equal volumes of polysaccharide substrate (0.2 % aqueous solution), namely hyaluronate, starch, pectin and dextran. Enzyme was also distributed in samples ( a ) without substrate, ( b ) with test substance before addition of substrate, ( c ) with test substance after preliminary incubation with substrate. Test samples were removed at hourly or daily intervals during incubation at 37" and frozen until the end of the experiment. Changes in enzyme titre were measured in terms of hyaluronidase or amylase. Pantothenic acid (DL-calcium salt), pantothenyl alcohol, or DL-amho-acids were added in 0 . 0 0 2~ concentration in the first instance, but tests were also made with 0.004, 0.02 and 0 . 0 4~ concentrations.
The eflect of incubation with substrate. Hyaluronidase titre increased after incubation with starch, pectin or dextran for 2-4 days. Amylase titre of enzymes from three hyaluronidase positive strains showed equivalent increase during incubation with hyaluronate, pectin and dextran. Enzyme from each strain showed greatest activity with one particular substrate suggesting some specificity ( Table 2) which agreed with the previous estimations of predominant activity ( Table 1) . No bacterial growth occurred during incubation. These results suggested either that an inactive precursor was present in the partially purified material or that inactivated enzyme protein was reactivated. The possibility of adaptation in the sense that substrate protected enzyme from inactivation during incubation had also to be considered.
The eflect of pantothenic acid and p-alanine. Fig. 1 shows the hyaluronidase titre of enzyme from a Type 4 strain (P315) during incubation with pantothenyl alcohol. Similar results were recorded for five enzymes from hyaluroni- Enzymes were diluted in buffer + saline. R1.C.P. and starch hydrolysis tests were made on samples taken at daily intervals. The final estimations were made after dialysis of enzyme + substrate mixture against water and buffer + saline to remove the products of the reaction.
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dase positive strains. By comparison with control solutions the turbidity titre was decreased in the presence of pantothenic acid. While this effect was maintained by pantothenyl alcohol during prolonged incubation (10 days a t 37"), pantothenate was less active. The results of incubation with p-alanine are shown in Fig. 2 , using another Type 4 enzyme (BB). Amylase activity was used as a screening test comparing enzymes from ten strains. Pantothenic acid also suppressed dextrinogenic amylase ; starch solution, however, showed loss of viscosity and flocculation though remaining blue with iodine. When hyaluronic acid, starch, pectin or dextran were added during incubation of enzyme with pantothenic acid, the rise of hyaluronidase or amylase titre was greater than with substrate alone. Only the ,&activities were increased immediately; a-activities were suppressed for as long as 10 days in the presence of pantothenyl alcohol.
The eflect of DL-cysteine. Figs. 1 and 2 also show the results of incubation with cysteine on the hyaluronidase activity of the same enzymes. Cysteine activated hyaluronidase, the turbidity titre showing relatively greater increase than the M.C.P. titre. Amylase was also activated, the rise of titre following the pattern of the turbidity curve. Ravel & Shive (1946) reported that biological antagonism between pantothenic acid and cysteic acid was neutralized by p-alanine.
The eflect of DL-amino-acids. Thoai, Roche & Roger (1947) reported the reactivation of inactive alkaline phosphatase by alanine. Edlbacher & Wiss (1946) reported that histidine was the most efficient activator of D-amino oxidase. The effect of certain DL-amino-acids was tested using a Type 4 and a Type 22 enzyme. Hyaluronidase titre increased after incubation with serine, tyrosine or cystine, but neither alanine nor histidine affected activity. ----, M.C.P. titre ; x -x depolymerase ; a+, turbidity. Amino-acids ( 0 . 0 0 2~) added to enzyme from Type 4 strain BB. Experimental conditions as in Fig. 1 . The results of tests with a number of DL-amino-acids are shown in Table 3 . With the exception of methionine, only certain alanine derivatives promoted polysaccharidase activity, but valine and proline decreased hyaluronidase titre of four different enzymes. Threonine, glycine and hydroxyproline reduced the titre of one enzyme but this finding has not been confirmed. At present, constituents of proteins found in animal tissues (Rose, Haines & Johnson, 1942) and bacterial phosphoprotein have been tested.
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The eflect of DL-valine. Twofold or fourfold reduction of hyaluronidase titre occurred after addition of valine (Fig. 3) . The effect was neutralized by equimolar concentrations of cysteine, cystine or methionine, which also neutralized the effect of pantothenic acid. After a few hours the reaction was spontaneously reversed. The required concentration of thiol or potential thiol groups to reverse the effect of either pantothenic acid or valine varied for enzymes from different strains. The action of methionine was more prolonged than equivalent concentration of cysteine or cystine. The rise of turbidity titre coincided with a fall of pH value to 6.2-6.4, and with a fall of OR potential (Methylene blue indicator). In systems containing pantothenic acid, spontaneous reversal of the effect of thiol amino-acids coincided with re-oxidation of methylene blue.
Anti-proteinase activity. Proteinase was separated from polysaccharidase by precipitation with 25 yo ethanol at pH 5.6. Purified polysaccharidase showed no proteinase activity, and two of the ten strains were proteinase negative. After cysteine was used to activate hyaluronidase or amylase, proteinase was detected in some of the purified enzymes, including the two preparations from proteinase negative strains. This suggested that the material was contaminated with inactive proteinase precursor (Elliott & Dole, 1947) and it was used to 912 Nuala Crowley study the proteinase effect on hyaluronidase activity. It was found that high concentration of proteinase in culture filtrates was correlated with twofold reduction of hyaluronidase titre (Crowley, 1951) . The inhibiting concentration was constant for the strain but showed considerable strain variation. There was no evidence to explain the effect. The concentration of proteinase in purified polysaccharidases varied widely between different preparations. The appearance of proteinase coincided with a fall of pH value to pH 6.0 or lower, and increasing proteinase activity was associated with decreasing hyaluronidase activity.
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Adjustment of the pH to 7.4 with Na glycerophosphate partially neutralized the effect of increasing proteinase activity. The addition of hyaluronic acid also delayed the usual fall of hyaluronidase titre. These results suggested that proteinase inactivated but did not destroy hyaluronidase.
Not unexpectedly the activation of precursor by cysteine was prevented by pantothenic acid and by valine in the experimental conditions described. Pantothenyl alcohol suppressed proteinase activity indefinitely when the autocatalytic conversion of precursor would normally be expected. This result may perhaps be explained by a change in OR potential in the presence of pantothenic acid. Using methylene blue as a rough indicator 'turbidity' hyaluronidase and dextrinogenic amylase were activated a t a higher OR potential than proteinase.
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The e$ect of amino-acids on material isolated from inactive cultures Hyaluronidase activity was reduced in cultures grown at 2 3 ' in filtered broth, and in broth containing proteose peptone or bicarbonate buffer (Crowley, 1951) and 75 % saturation. Weakly active material was precipitated at all concentrations. This material was incubated with test amino-acids in the same way as the active enzymes.
The eflect of amino-acids. Fig. 4 shows the results of M.C.P. tests on material from inactive cultures of a Type 4 strain (BB) before and after incubation with p-alanine, serine, cysteine and methionine.
The rise of hyaluronidase titre followed the pattern usually seen when this 
914
Nuala Crowley strain was grown at 37' in culture medium favourable for hyaluronidase production. The final yield of active enzyme was greatest from cultures grown at 23O in proteose peptone filtered broth buffered with sodium p-glycerophosphate. This medium also contained the greatest number of viable organisms. Twoor three-day cultures were treated with 3 vol. saturated (NH4),S04 solution.
An aqueous suspension of the precipitate was treated with a 75-80 yo saturated solution of ( NH4),S0,, resuspended .and twice reprecipitated. After dialysis against running water until the dialysate gave no colour with Nessler reagent, and against buffer +saline, no viable organisms were detected. Any insoluble material was removed by filtration through paper, and the solution was filtered through a Seitz pad. After incubation with serine + methionine, hyaluronidase titre showed 12-fold increase. It seemed possible that products in the immediate environment of the organism, or intracellular constituents, provided a rich source of pro-enzymic material.
DISCUSSION
The possibility of an inactive hyaluronidase precursor analogous to streptococcal proteinase precursor (Elliott & Dole, 1947) was previously postulated on the basis of the similarity of environmental conditions affecting production of both enzymes (Crowley, 1951) . The experiments described suggest that a component of a complex hyaluronidase or polysaccharidase may be derived from an inactive pro-enzyme and be activated by SH groups at a higher pH value and OR potential than proteinase. There is no evidence that the increased turbidity of synovial fluid substrate seen with purified streptococcal enzymes +potential thiol groups was in fact due to a hyaluronidase. All the material was contaminated with proteinase precursor, and the possibility of an artefact seems worth consideration. It might be possible that in some circumstances proteinase could attack the protein moiety of a protein-polysaccharide complex. In this connexion increased turbidity of synovial mucin has frequently been seen with crude culture filtrates of Group A streptococci of various serological types when hyaluronidase activity could not be demonstrated by any other method (unpublished data). These strains had one feature in common, namely, proteinase activity.
As a third possibility the amino-acids may have reversed inhibitions by factors a t present unknown. Meyer & Rapport (1951) have shown that SH compounds including cysteine reversed the inhibition of testicular hyaluronidase by heavy metals. Weil-Malherbe (1948) suggests that apparent activation of enzymes by amino-acids is a non-specific protective affect against the hazards of purification in vitro. The inactive material prepared from cultures and cell free filtrates which subsequently yielded active enzymes did not merit the description 'purified '. The same groups of amino-acids appeared to activate hypothetical components in both crude and considerably purified material. There is insufficient evidence at present to support a theory of specific activity by amino-acids or by the pantoyl residue in relation to these streptococcal enzymes.
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Nuala Crowley described on p. 907 of this Journal. These activities were designated p and a and further purification was attempted following the method of Wittler & Pillemer (1949) using methanol or ethanol at varied concentration and pH value in the cold.
Separation of polysaccharidase components by solubility in alcohol i -water mixtures
The material isolated by salting out with (NH,),SO, was dialysed against running water until the dialysate was Nessler negative, and against phosphate buffer until the bulk of material was in solution. The protein concentration material from ten strains varied between 10.9 and 18.9 yo.
fractional precipitation by methanol or ethanol are shown in Tables 2 and 3. Fraction I showed dextrinogenic amylase and 'turbidity' hyaluronidase activity. Precipitates were formed with 26 yo Na,SO, (at 37"), with 50 yo ZnSO, and 3 % sulphosalicylic acid. The protein-copper test was positive, and the material was precipitated from solution by dialysis against water. Non-specific depolymerase was associated with Fraction 11, which showed activity against hyaluronic acid, starch, pectin and dextran as substrates. Deoxyribonuclease tested by the method of McCarty (1948) was present in Fraction I1 of all ten strains. Precipitates formed with tannic acid, trichloroacetic acid and lead salts, but not with 26 yo Na,SO, at 37".
The protein-copper test was negative. After addition of cysteine, streptococcal proteinase was detected in this fraction, suggesting that inactive precursor was present. Elliott (1950) reported that inactive precursor was Streptococcal h yaluronidase 917 were demonstrated by activation with cysteine or methionine. It is not clear whether the enzymes were inactivated during purification or whether inactive precursor was present in the material.
